In this study, the utility of AWiFS data in relation to stem volume estimation for managed boreal forest stands was investigated. Multiple linear regressions were used to predict stem volume (m 3 ha -1 ) with standwise mean spectral values as the independent variables. For comparison, two SPOT-5 images were also used, one with nearly simultaneous acquisition. The adjusted coefficient of determination (R 2 adj ) using AWiFS data to predict stem volume was 0.573 (SE 56.9%) while SPOT had an R 2 adj of 0.598 (SE 55.2%). All bands were negatively correlated, with the SWIR band having the single strongest correlation with stem volume. The best two band predictor of stem volume was the NIR and red band for AWiFS, and the NIR and SWIR bands for SPOT. When stem volume was predicted based on stand size, AWiFS and SPOT produced an R 2 adj of 0.310 and 0.293, respectively, for stands less than 2 ha in size. A steady increase of predictive ability appeared to increase with stand size, with the highest R 
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Introduction
Optical satellite data have been widely used for such applications as estimation of forest parameters, post-stratification of inventory data, forest-type mapping, detection of clearcuts, or determining insect damages (e.g. Tomppo et al. 2008, McRoberts and Tomppo 2007; Boyd et al. 2005; Cohen et al. 1998; Falkenström and Ekstrand 2002) . In Sweden, data from the SPOT (Satellite Probatoire d'Observation de la Terre) and Landsat Thematic Mapper (TM and ETM+) satellites have commonly been used for national mapping applications (Olsson et al., 2005) . Examples include nationwide estimation of forest parameters with the kNN algorithm (Tomppo, 1990; Nilsson, 1997; Reese et al., 2003) from Landsat and SPOT data, use of Landsat data for automated classification of forest types (Hagner and Reese, 2007) , and the Swedish National Forest Agency's use of annual nationwide SPOT data for clear-cut detection. However, acquisition of Landsat TM/ETM+ data for operational activities has been impacted by sensor degradation and malfunctions (NASA, 2008) . The future Landsat program sensor has a planned launch date of December 2012 (Ochs, 2009) ; therefore, users are searching for alternatives to fill the anticipated Landsat data gap (Wulder et al., 2008) . SPOT satellite data provide a medium-resolution alternative to Landsat, however, the small scene area (60 x 60 km) may pose a limit to the amount of inventory data within a single scene and, if large area coverage is needed, necessitates working with images of different dates and view angles. The large scene area coverage of the relatively new Advanced Wide Field Sensor (AWiFS) may provide one alternative data source for certain applications.
The AWiFS sensor is carried on-board the Indian Remote Sensing (IRS) satellite Resourcesat-1 (IRS-P6), launched October 2003 into a sun-synchronous orbit at an altitude of 817 km. AWiFS data are acquired in tandem with two other optical sensors on-board: LISS-IV and LISS-III. AWiFS employs a push-broom sensor having two electro-optic modules, AWiFS-A and AWiFS-B, whose 370 km swaths overlap, creating a total swath width of 740 km. The wide scene width and 11.94º sensor tilt angle results in a Ground Sample Distance (GSD) of 56m at nadir and 70m at the field edge; during system-correction, the raw data are re-sampled using cubic convolution to a standard spatial resolution of 60 m. The data have 10-bit radiometric quantization in the green, red, near-infrared, and short-wave-infrared wavelengths (NRSA, 2003) . Due to the large swath width and the large overlap between adjacent paths, the revisit cycle for a given area is effectively every five days.
The use of AWiFS data is not yet widespread, however there are recent studies in the literature regarding AWiFS' radiometric properties, as well as use for agricultural crop mapping , land cover mapping (Calle et al., 2008) , fire monitoring (KirinChand et al. 2006) , and snow mapping (Kulkarni et al., 2006) . compared same-date AWiFS and Landsat-5 TM data for crop type classification over three agricultural study sites. He found that Landsat resulted in slightly higher overall classification accuracies for two of the three study areas. In one study site, AWiFS had higher overall classification accuracy than Landsat, and it was hypothesized that the bidirectional reflectance distribution function (BRDF) effects of AWiFS may have been an advantage. Johnson concluded that AWiFS could be a viable alternative to Landsat data for the U.S. Department of Agriculture's operational classification of agricultural crops in cases where field sizes were reasonably large. Costa et al. (2008) investigated multi-seasonal AWiFS images for land cover classification in Portugal, and deemed the accuracies as unsatisfactory for mapping the Portuguese landscape (maximum overall accuracy was 63% for 15 classes) when considering replacement of other mediumresolution sensors. Chander et al. (2007) investigated the radiometric properties of the three Resourcesat-1 sensors by cross-calibration with same-date Landsat-5 and -7 images. Bandwise comparison of AWiFS and Landsat-5 TM data produced the highest coefficients of determination (R 2 ). The correlation was somewhat lower when compared to Landsat-7, in particular for the green band (R 2 = 0.9771). In this study, Chander et al. also classified land cover and canopy density with all sensors, and found that Landsat-5 gave approximately 2% higher overall classification accuracy than AWiFS, perhaps due to AWiFS' lack of blue and a longer mid-infrared spectral band (2.08-2.35 µm). Teillet et al. (2007) compared cross-calibration of twenty different sensors to Landsat, including AWiFS, SPOT, and MODIS. No significant anomalies were found to be inherent to the AWiFS sensor, however bandwise agreement between SPOT-5 HRG and AWiFS showed a small spectral difference detected in the green band (-1.4%). Manjunath and Muralikrishnan (2008) report that AWiFS data have shown 3% degradation in calibration between 2003-2006. Studies regarding the utility of AWiFS for boreal forest have not yet been introduced in the literature. To date, Landsat and SPOT have been the dominant source of optical satellite data for forestry related applications, such as stem volume estimation or forest type mapping. AWiFS has important differences and similarities to these sensors that make comparison of these data of interest. For example, SPOT and AWiFS record data in four bands with similar spectral ranges, although AWiFS has higher radiometric quantization (10-bit). SPOT-4 and -5 has a smaller GSD than AWiFS, and this is also an influencing factor. The effect of AWiFS' coarser resolution data, with regard to the range of stand sizes in the managed boreal forest landscape, is an issue that should be investigated. The spatial and radiometric properties of the remotely sensed data, the landscape and the reference data have an influence on the strength of the relationship between forest parameters and spectral data (Teillet et al., 1997; Hyyppä and Hyyppä 2001; Aplin 2006) . Estimation of boreal forest stem volume using remote sensing data have often employed either plot-based inventory or polygon-based stand inventory data as reference data (see Lutz et al., 2008) . This paper concentrates on the use of polygon-based reference data. In previous work on estimation of boreal forest stem volume and biomass also using polygon-based reference data, Hyyppä et al. (2000) compared nine diverse remote sensing data sources for estimation of forest parameters using stand data in a managed boreal forest in Finland (mean stem volume 156 m 3 ha -1 ). SPOT XS (20m) data predicted stem volume with an R 2 of 0.44 (SE% = 50%) and Landsat-5 with an R 2 of 0.31 (SE% = 56%). The low R 2 results were attributed to the quite small mean stand size (1.06 ha) in their study area. In a follow-on study, Hyyppä and Hyyppä (2001) further examined the effect of stand size with the same sensors, and concluded that stand size had a strong influence on the results for all sensors. Muukkonen and Heiskanen (2005) used ASTER data and polygon-based stand data (1,331 stands) in managed boreal forests in Finland, and derived a total RMSE of 44.7% (multiple linear regression) and 41.0% (neural networks) for biomass estimations. The mean stand size was quite small (1.8 ha) and the mean stem volume was 165 m 3 ha -1 .
The objectives of this study are to investigate AWiFS data both in general, and specifically in relation to boreal forest stand characteristics such as stem volume and tree species; to determine whether AWiFS' 60 m spatial resolution is suitable for standwise prediction of stem volume in a managed boreal forest landscape; to compare AWiFS' spectral properties using bandwise correlations and stem volume prediction results with those obtained from the spectrally similar, higher spatial resolution SPOT-5 data; to investigate the effect of stand size on the prediction of stem volume for both AWiFS and SPOT; and to test AWiFS ability to separate between the different forest types (coniferous, deciduous and mixed forest).The comparison of AWiFS and SPOT-5 simulates an application in which use of multiple SPOT scenes of different dates is required to cover a larger area. One of the two SPOT images used in the study was acquired with only twelve minutes difference from the AWiFS acquisition, and bandwise correlations of different spatial aggregations of SPOT and AWiFS are compared. The study is intended to give insight into the potential use of AWiFS data for estimation of standwise forest characteristics in a managed boreal forest landscape.
Study Area and Data
The study area in this paper is defined by the common area between one AWiFS image, two SPOT images and a forest stand database. The study area is in the province of Västerbotten in northern Sweden, and is located from 64º 35' N to 63º 35' N and 16º 50' E to 19º 30' E (figure 1). The forests are intensively managed for timber production and dominated by Scots pine (Pinus sylvestris) and Norway spruce (Picea abies), and contains other tree species such as Birch (Betula sp.). Wetlands, rivers and small lakes are also abundant within the study area, and elevations range from 40 to 580 m above sea level. Map data which have been used in this study include a 50 m resolution digital elevation model (DEM) and a 1:100 000 scale land cover map. The stand-based inventory was provided by the forestry company Sveaskog. The inventory database covers a total area of 153,000 hectares and contains a total of approximately 9,000 stands. Just under half of these stands are covered by the two SPOT scenes in this study (4,195 stands) . The database is current for the year 2005, and the forest variables were measured both in situ and by aerial photo interpretation. Variables such as stem volume, stems per hectare, height, age, biomass, and forest type, among others, were recorded. The mean stem volume for this area was 78.5 m 3 ha -1 , a mean age of 57 years, and a mean stand size of 18 ha. Statistics about the forest data used in this study are provided in table 1. In figure 2, stand size and stem volume for all stands used in this study are plotted. The quarter AWiFS scene, acquired July 31, 2005, is the north-western quarter of the full 740 x 740 km image, and was imaged with the AWiFS-A camera (NRSA, 2003) . The AWiFS data were orthorectified by Euromap (www.euromap.de) using 100 tie points. Along the eastern edge of the image there is a band of clouds, and in the western and middle areas of the scene there are some bands of haze and jet contrails. For the study area subset, the AWiFS data are cloud-free. Characteristics of all images used in this study are given in table 2. The two SPOT-5 images were orthorectified to an RMSE of less than 5 m. A small number of clouds and cloud shadows were present in the SPOT image acquired on July 4, 2005. The other SPOT-5 image was acquired on July 31, 2005 at 10:27 A.M., just twelve minutes after the AWiFS image was taken.
The Terra/Aqua MODIS nadir BRDF-adjusted reflectance data (16-day composites at 500m resolution -V005; Schaaf et al. 2002) were used in this study as the source for the relative radiometric normalization of the SPOT and AWiFS data. The 16-day composite is taken from July 28 to August 12, 2005, which corresponds with the dates of one of the SPOT images and the AWiFS image. Terra/Aqua's MODIS sensor records information in 15 wavelength bands at a 500m resolution, and for the red and NIR bands at a 250m resolution. In this paper, the MODIS bands most closely corresponding to the AWiFS and SPOT wavelengths were used. Characteristics for these wavelengths, and the nominal designations used in this paper, are given in table 3. 
Methods
In order to investigate the relationship of the AWiFS data with forest parameters, the AWiFS data were compared to information from a forest stand database. To compare the results acquired with AWiFS to a higher spatial resolution data source, SPOT-5 data were similarly analyzed. Basic properties of the AWiFS data were first investigated, such as the collocation of the AWiFS data with other data sources. Then, AWiFS and SPOT-5 data were normalized to reflectance values and for illumination differences. Mean spectral values for all stands were calculated bandwise for both AWiFS and SPOT data. Multiple linear regression using least-squares was applied to determine predictive relationships between the spectral bands and stem volume. Bandwise correlations with stem volume were calculated, both for the entire reference data set and for subsets of the data based on stand size. Using the same date acquisition only, the AWiFS 60 m pixel data were compared band-for-band to 60 m aggregations of SPOT data. Finally, discriminant analysis was applied to determine the ability to separate volume groups and forest types using AWiFS.
AWiFS image properties
Precise geometric registration of the satellite data is important, especially in relation to collocation with forest inventory data and data from other sensors, and to applications using change detection. The image data were projected to the Swedish RT90 reference grid using cubic convolution and the tie points provided with the image data. Visual assessment was made of the geographic collocation between the AWiFS data and roads, the forest stand data, and other satellite data images with known geometric properties. The basic spectral properties of the AWiFS image were of interest, especially over forested areas. Before calculation, clouds and cloud shadows were masked out of the AWiFS data using band thresholding. Descriptive statistics and band correlations were calculated on the entire scene, as well as for the area corresponding only to the forest stand data.
Relative reflectance normalization and topographic normalization
Normalization to a common scale of reflectance values was necessary for comparison of the spectral response of AWiFS and SPOT data, as well as to make the two different acquisition dates of SPOT data comparable. Radiance values were therefore converted to reflectance by means of relative reflectance normalization (Yang and Lo 2000; Olthof et. al., 2005) in which AWiFS and SPOT data were reflectance normalized using MODIS as reference data for surface reflectance. This first required the resampling of AWiFS and SPOT data to 500 m pixels. A total of six-thousand randomly chosen plots located on forest in the study area were used in a robust regression for each band using MODIS reflectance data as the dependent variable and the re-sampled AWiFS or SPOT band as the independent variable. This provided bandwise gain and bias coefficients which were applied to each band, resulting in a reflectance normalized image. Topographic normalization was applied to the reflectance normalized images using the C-correction algorithm (Teillet et al. 1986; Meyer et al. 1993; Ekstrand, 1994) . The 50 m DEM used in the topographic correction was interpolated to 10 m resolution using a natural neighbour algorithm (Sibson, 1981; Bater and Coops, 2009 ) in order to achieve a suitable correction of the 10 m SPOT data, and 60 m for the AWiFS data correction.
Relationship between satellite spectral data and forest stand parameters
The forest stand database required pre-processing before use. Clearly erroneous volume assignments were identified by plotting volume and bandwise spectral values, checking outliers, and excluding clearly wrong stands from the analysis (e.g. stands labeled as having volume = 0, while the image showed the stand was covered by closed forest, or vice-versa). The land cover map (1:100 000 scale) was used to identify forest stands whose area consisted primarily of wetlands or water bodies (due to occasionally poor registration of stand boundaries), and these stands were also excluded from the analysis. Additional water bodies not in the map data were identified using an ISODATA classification of the AWiFS data, and pixels clearly identified as water were masked from the AWiFS data; however, water-influenced mixed pixels may still be present. Some stands in the database were comprised of several non-contiguous polygons, and these were excluded from the analysis. This resulted in 3 950 total polygons remaining for the analysis.
Bandwise mean spectral values from the AWiFS and SPOT data were determined for the 3 950 forest stand polygons by averaging of all pixels whose majority (area) was within the stand boundaries. In order to compare the results obtainable using SPOT and AWiFS, pixels along stand boundaries were therefore included in the calculation of the mean, and not masked as done in some studies (e.g. Muukkonen and Heiskanen 2005; . Bandwise values for the mean and standard deviation within each stand were sampled together with selected parameters from the forest stand database (stem volume in m 3 ha -1 , stand size, stand age, stem volume per ha of pine, spruce, birch, and other species). Data from the two SPOT-scenes were placed together into a single data file. Multiple linear regression using least squares was used to investigate relationships between stem volume (dependent variable) and the mean spectral value for each stand (independent variables). In addition, a texture variable (standard deviation) for each band was tested as additional independent variables in the model, together with the mean spectral value. Model assumptions were checked and met, such as normal probability distribution of the residuals. The coefficient of determination, R 2 , reported in this paper is an adjusted R 2 value, denoted R 2 adj . Standard errors (SE) are reported in percent and have been calculated using the standard error of regression divided by the mean value for the target attribute (i.e. stem volume). Tests to see if the results were robust were carried out by making eight random subsets of the full dataset and calculating multiple linear regressions with each of these separate datasets.
Model predictions of volume for different stand sizes were also considered by subdividing the dataset into discrete groups according to stand size. Regressions using all spectral bands were run and bandwise correlations with stem volume were calculated for each of the stand size groups.
Discriminant analysis was used to determine the capability of AWiFS to separate volume classes and forest types compared to SPOT data, when using the forest stand database as reference data. The forest types were coniferous, deciduous, which were defined by 70% or greater of the stand's stem volume represented by species of the respective type, and mixed forest which was < 70% of the total stem volume for either coniferous or deciduous.
Comparison of same date SPOT image and AWiFS image
One of the two SPOT images used in this study was taken on July 31, 2005, only 12 minutes after the AWiFS image was acquired, and it is useful to compare these two images. In order to understand the comparison between the SPOT and AWiFS spectral response, the SPOT data were aggregated to three coarser spatial resolutions: 30 m, 60 m and 120 m. The aggregations were calculated by using the stand's center pixel as the midpoint of a 3 x 3, 6 x 6 and 12 x 12 window within which the 10 m SPOT spectral values were averaged for each band. To derive an AWiFS 120 m pixel, a 2 x 2 window was used similarly. These data were co-registered, and bandwise spectral values for over 1,000 identical points within the forest stands were sampled. Descriptive statistics and correlation between the spectral bands were determined. The coefficient of variation (CV) was also calculated for each spatially aggregated block, as it is useful as a normalized measure of the standard deviation based on the mean (Walsh et al., 1997) 
Results and Discussion

AWiFS image properties
The majority of the AWiFS scene appears to have satisfactory geo-location, as judged by checking against other data sources (e.g. other Landsat data, SPOT data, the forest stand database, and 1:100 000 map data). Figure 3 shows an example of the co-registration between the forest stand database and the AWiFS data. A slight mis-registration of nearly one pixel (60 m) was observed between the AWiFS data in some areas of the western part of the scene and the 31 July SPOT image, although not within the forest stand database. This was most likely due to the increased topographic relief in this area and indicates the need for better orthorectification of the data than that achieved with the supplied 100 tie points. The need for a higher level orthorectification of AWiFS products in areas with topographic variation has also been noted by Garg et al. 2008 . The dynamic range in the AWiFS image as a whole and the area covered by the forest stand database are presented table 4 and for the two SPOT images in table 5. The AWiFS data show no saturation and a wide dynamic range is seen particularly in the NIR and SWIR bands. Table 6 shows that AWiFS' visible bands are rather correlated (r = 0.92) while the red and near-infrared bands are the least correlated (r = 0.52). 
Reflectance and topographic normalization
Relative reflectance normalization was applied to both the AWiFS data and the SPOT data. Since the data were normalized to 16-bit MODIS reflectance data, the resulting AWiFS and SPOT reflectance values are also given in 16-bits. The corrections were assessed visually and by plotting bandwise spectral values from pre-and postnormalization, with linear relationships maintained and no anomalies observed. Table 7 shows the adjusted coefficient of determination (R 2 adj ) and standard error (SE%) from the multiple linear regression models, and bandwise correlations with stem volume (r). Using all bands of SPOT-5 data, stem volume was predicted with an R 2 adj of 0.598 and a SE of 55.2%, while the result from using all AWiFS bands was not much lower with an R 2 adj of 0.573 and a SE% of 56.9%. The correlation of all spectral bands to stem volume were significant (p<0.001) and negative in all cases for both AWiFS and SPOT, similar to results shown by Trotter et al., 1997 . The SWIR band had the highest single band correlation with stem volume (r = -0.651 and -0.680 respectively). Scatterplots of volume versus the standwise mean spectral values for each band and sensor are shown in figures 4 and 5. The regression models presented here have used all spectral bands, however, the best two band combination using the AWiFS standwise mean spectral value was obtained using the red and NIR bands, which resulted in an R 2 adj of 0.573, while for SPOT the best two band combination was that using the NIR and SWIR bands, resulting in an R 2 adj of 0.595. This difference in the contribution of the bands in the regression model may be due to AWiFS' higher dynamic range in the infrared bands as compared to SPOT, and the lower correlation between AWiFS' NIR and red bands.
Relationship between satellite spectral data and forest stand parameters
Inclusion of a texture measure, i.e. the bandwise standard deviation within the stand, slightly increased the R 2 adj for both AWiFS (results were R 2 adj 0.587 and 57.9% SE) and SPOT (R 2 adj 0.606 54.7% SE), but this result was not focused upon since it did not result in a large improvement for either SPOT or AWiFS. Wunderle et al., (2007) found texture to be helpful in determining forest structural complexity when using SPOT-5 pansharpened data. However, Lu (2006) states that in forest sites with relatively simple vegetation stand structure, spectral signatures play a more important role than image textures.
When the robustness of the results were tested by randomly dividing the full database into eight unique and approximately equal sized groups, and multiple linear regression was run for each separate dataset, the results were somewhat consistent (figure 6). Seven out of eight times, SPOT provided a higher R 2 adj and lower SE, with a difference on average of 1.8%. In one trial, AWiFS data produced a marginally higher R 2 adj (0.605) and lower SE than the SPOT data (R 2 adj = 0.604), but this was seen as an exception among the eight trials. To compare whether the use of AWiFS and SPOT data performed differently for the prediction of stem volume at different stand sizes, the data were partitioned according to stand size and regressions were calculated for each subset. The R 2 adj results are plotted for each stand size subset in figure 7. For the smallest stands (0.1 to 2 ha), both AWiFS and SPOT standwise means produce weak results (R 2 adj = 0.310 and 0.293, respectively). On examining this group, collocation of the stand boundaries with the satellite data did not appear to be the obvious cause of the low R 2 adj result. That AWiFS and SPOT give a similar result at this stand size is surprising, and may be a result of a combination of factors affecting the result both negatively and positively. The negative influence may include the effect of mixed border pixels, the low number of samples in this group (n = 76), and the wide range and relatively higher mean volume in this group (86.3 m3 ha-1). It is noted that the relationship is weaker between spectral data and higher stem volumes (Franklin, 1986; Spanner et al. 1990; Danson et al., 1993; Ekstrand 1994) . A reason why the result may be similar for AWiFS and SPOT is that the mean size of the stands at this level is not so small (1.4 ha). Also, due to the management practices here, smaller stands may tend to share boundaries with other small stands having similar characteristics, resulting in fewer mixed pixels. For stand sizes greater than 20 ha, the R 2 adj remains rather constant. In the present study, the standwise spectral mean value from SPOT provides a higher R 2 adj at all except the largest stand size level, and this may be due primarily to the higher spatial resolution of SPOT. It was also noted that when AWiFS' and SPOT's spectral values were extracted from the stand's center pixel only (i.e. not the standwise spectral mean), the regression produced a similar trend of increasing R 2 adj up to the 20.1-30 ha stand size, although with lower R 2 adj . This indicates that the results are not due simply to the averaging of an increased number of pixels within larger stands.
To observe the correlation of AWiFS' and SPOT's individual spectral bands in relation to volume at different stand sizes, bandwise correlations to volume were also calculated by stand size groups. This is shown in figures 8 and 9. From these figures it can be seen that there is a peak in correlation of the NIR band at the 20.1-30 ha stand size group for both AWiFS and SPOT (r = -0.703 and -0.701, respectively). The change in the NIR and visible band correlations observed in the stand size group of 20.1-30 ha, and the levelling off of R 2 adj at this stand size could possibly be due to the change in volume distribution at this stand size. It appears that many of the stands in the 20.1-30 ha group are of a young age and are in fact regenerating forest. A change in the stem volume distribution can also AWiFS (Stand mean) SPOT (stand mean) been seen in stem volume histograms for this stand size group (figures 10a-c). It is possible that the forestry company often performs fellings at this scale. It can also be observed that the correlation of the visible bands decreases more markedly for AWiFS than for SPOT, most notably in the green band, especially for stands of 30.1-40 ha in size. The causes of this are not yet fully determined, but after checking a subset of stands which had higher internal standard deviation of the AWiFS green band, these stands tended to be bordered by contrasting cover types and therefore may have been influenced by mixed pixels. Hyyppä and Hyyppä (2001) show similar trends in R 2 adj for different stand sizes when predicting standwise stem volume for managed boreal forest in Finland. They demonstrated a peak R 2 adj at approximately 10 ha stand size when comparing results from several different sensors with different spectral and spatial resolutions. They state that "no individual reason can be reported to be responsible for the observed phenomenon," but say that it may be a result of the number of samples used, (with a higher number of samples resulting in a higher R 2 adj ), and additionally that larger stands tend in general to be more homogenous. However, in our case, the 20.1-30 ha stand size had a higher R 2 adj but a lower sample size (n = 648) while the 10.1-20 ha stand size had a larger sample size (n = 1184) but a lower R smaller stands (refer to figure 3). It's possible that in this study, since the relationship between younger stands and stem volume is stronger than with higher volume stands, that the R 2 adj for this stand size group is higher because of the presence of large, regenerating stands. In this case, it is the distribution of volumes and the management regime which, at least in part, are affecting the estimation of volume for the different stand size groups. As Hyyppä and Hyyppä (2001) state, "the test site characteristics typically dominate in the results." Discriminant analysis of stem volume groups and forest types was carried out using the stand mean spectral value. The results in tables 8 and 9 show that SPOT performed slightly better (63.8% correct) than AWiFS (61.9% correct) in discriminating four different stem volume groups (0, 1-25, 25-100, >100 m 3 ha -1 ). The highest volume group (100 m 3 ha -1 and greater) was initially divided in two groups of 100-200 m 3 ha -1 and 200 m 3 ha -1 and greater, but results were poor (34.8% correct with n=1336, and 68.9% correct with n=156, respectively). Tables 10 and 11 show the discriminant analysis results for the forest classes of coniferous, deciduous, and mixed forest. Overall, the standwise mean value from SPOT provides a slightly better discrimination (66.4%) than AWiFS (65.6%). This accuracy for both cases is rather low for the discrimination of basic forest types, and may be due in part to the use of a stand mean value and also to defining the forest classes based on stem volume. These results are preliminary and further work on discrimination of forest types would be expected to produce better forest class separation and subsequent classification accuracy. Table 11 . Discriminant analysis of forest type groups, using SPOT stand-wise mean spectral value.
Comparison of same date SPOT image and AWiFS image
When the SPOT data are aggregated from the original 10 m resolution to the coarser resolutions, the data show that the standard deviation increases for all bands at the 30m aggregation, and then decreases at the 60 m and 120 m levels (table 12) Although care was taken to assure geographic alignment, it should be noted that mismatches in the geographic areas between the SPOT and AWiFS pixels are possible; also, the pixels used here were not hand-selected for homogeneity, and may be heterogeneous areas. The lowest correlation was between the AWiFS and SPOT NIR band (r = 0.868). When both SPOT and AWiFS are aggregated to 120 m level, the correlations between them are higher (green band with lowest r = 0.938), as expected, and relationships are approximately linear. The high bandwise correlations at the 120 m aggregation, which is approximately the size of a 1.4 ha forest stand, may help explain why AWiFS and SPOT give similar results in the regression analysis. For the aggregated pixels, the mean value and dynamic range of the visible bands is generally higher for SPOT, while AWiFS has a higher mean and dynamic range in the NIR and SWIR bands. When the coefficient of variation is considered, it can bee seen that SPOT's SWIR band consistently has the highest coefficient of variation, while AWiFS' red band has the highest coefficient of variation. This may partially explain why the red band is more significant in the regression model with AWiFS data, while the SWIR band is more significant when using SPOT data.
A thorough study of the effect of spatial resolution on classification accuracy was not a focus of this study, and it will certainly be an important determining factor for some applications. AWiFS may not be appropriate in certain landscapes if finer scale data is needed. However, this study showed that AWiFS may be a reasonable alternative for large area prediction of standwise stem volume in a managed boreal forest landscape with characteristics similar to the study area presented here. The wide swath width of AWiFS may certainly be an advantage when a large amount of field data is needed (e.g. kNN or regression tree algorithms), or when projects can be simplified due to large areas being imaged on a single date (e.g. change detection). However, the wide swath width also introduces issues to consider differently than when using smaller scenes, such as BRDF effects, and the potential need to stratify images based on meaningful delineations (e.g. ecosystem boundaries). The high temporal imaging frequency of AWiFS also provides increased probability of acquiring cloud-free images, or for creating time series with short intervals. The cost involved in the acquisition of an AWiFS image, as compared to other commercially available image data, is advantageous if calculated in cost by km 2 , and somewhat less if calculated in cost per pixel. However, final cost advantages will be dependent on additional aspects of individual applications, such as the amount of image pre-processing that might be needed.
Resourcesat-1 was scheduled to have a five year mission life cycle (ending October 2008), however, plans are to keep it in operation beyond this life cycle, if possible until the launch of Resourcesat-2 (Euromap, pers. comm.). The launch of Resourcesat-2 is planned for approximately 2009-2010, and specifications are similar to those of Resourcesat-1. However, the Resourcesat-3 series (estimated launch 2011-2012) plans to carry an AWiFS sensor with a 25 m spatial resolution and 600 km swath width (with two cameras), in addition to three LISS sensors and a hyperspectral sensor (Kumar, 2007) 
Conclusions
In this study, the properties of a quarter AWiFS scene were investigated, with a focus on their utility for deriving information over managed boreal forest stands. An inventory database with 3 950 forest stands in northern Sweden, collected during the same year as the image, was used to derive forest parameter values and define stand boundaries. For comparison, two SPOT-5 images were also used, one of which had an acquisition time twelve minutes apart from the AWiFS image. Multiple linear regressions using ordinary least squares to predict stand stem volume (m 3 ha -1 ) were run using standwise mean spectral values. The adjusted coefficient of determination (R 2 adj ) using AWiFS data to predict stem volume was 0.573 (SE 56.9%) while SPOT had an R 2 adj of 0.598 (SE 55.2%). Given the larger pixel size (60 m) of AWiFS as compared to SPOT-5 (10 m), the result may seem surprising. However, given the mean stand size in the database (18 ha), and also the demonstration in this paper that the AWiFS 60 m pixel may be a good approximation of the spectral values as identified by SPOT-5 over a 60 x 60 m area, the result can be understood. When volume was predicted using subsets of the data based on stand size, both AWiFS and SPOT produced a lower R 2 adj for stands less than 2 ha in size (0.310 and 0.293, respectively), but with a steady increase of predictive ability which increased with stand size, with the highest R 2 adj at 20.1-30 ha group (0.677 and 0.692, respectively). It was observed that for stands of 20 ha size and greater, the correlation between volume and the NIR band increased while it decreased for the visible bands, and it's thought that the mechanism responsible for the trends seen in the band correlations and the regression model predictions of stem volume is the management practices in the area.
For both AWiFS and SPOT, the SWIR band had the single strongest correlation with stem volume (r = -0.651 and -0.680 respectively), however the best two band model for prediction of stem volume using AWiFS data consisted of the NIR and red bands, while SPOT's best two band model consisted of the NIR and the SWIR bands. The difference in AWiFS radiometry (10-bit as opposed to 8-bit) may partly explain this result. Discriminant analyses to separate forest types (coniferous, deciduous and mixed forest) for both AWiFS and SPOT showed that AWiFS was slightly less accurate (65.6% correct for AWiFs and 66.4% for SPOT). The conclusion from the studies in this paper indicate that the utility of AWiFS data for estimations related to stem volume for boreal forest stands appears to be good. Despite AWiFS' lower spatial resolution, the prediction of stem volume over a managed boreal forest landscape was comparable to that achieved using SPOT-5 data. These results are also certainly dependent on the characteristics of the landscape.
